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MEMORY ARRAY 

(57)Abstract 

PROBLEM TO BE SOLVED: To provide a high speed 
nonvolatile memory cell and low programing voltage, its 
programing method and a nonvolatile memory array. 
SOLUTION: This nonvolatile memory cell is provided with 
a first gate insulation film 131 formed on the surface of a 
first channel forming region 11 1 adjacent to a source 
region 121, a second gate insulation film 132 formed on 
the surface of a second channel forming region 1 1 2 
adjacent to a drain region 122, a first gate electrode 141 
which is formed via the first gate insulation film, and a 
second gate electrode 142 which is formed via the 
second gate insulation film. The second gate insulation 
film contains a first layer 132a which forms a potential 
barrier on the interface with the channel forming region, 
a third layer 132c which forms a potential barrier on the 
interface with the second gate electrode, and a second 
layer 132b which is sandwiched between the first and 
third layers and forms the carrier capture order. 
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m<D^h. itiL:fj<oy-^^h'^^>mmzmm-tim2 
<om:f7m'^^^^/i^m^mm(Dmmzwm$ixtzm2<om 
MftMiKi . wsn^m2<D^^:^^/i'B^mi&nz 
^t.i\tLmi<o'^^r^-'i'm^mi^<r>wtmzm^^ih,tim 



1 CO y-h 16^)81 flfrlEm2ro-:^rf8y-|.if6^)^^ 
/^L■rffM$i^7t»2co-:^r^||Jy- h^^i^ 8frfsm2 

<nm:>}mY~ t^^mm^^L xjfm^Jtxtzm 2 <^{(ii;^fB.ii 
y-hmmt, m^mi(r>Y-hi&mmiiffLxwm^ 

. [ 0 0 I 7 1 /ifc. ±iE L /t:^^ ^ y rsitf*l^?iisg»±. 
^ y T«s2ifit. ^^-ir'- hf&mm^izmi6iL^ixft-> 

[001 8J (4) ^2Wf^^r=^/^fl?figMl^;».e,^2coy 

- f-*6M^-><i0^i' y r^Aii. ^'it^2wy- 

)g|^0«lg{CJ:5m•l2:l5Sli4r«;t^#S^^w^i^^;!,^.^^ y 
riw{+-^$^x5 J: 9 {c*9|E Ku-Y i^ffl«*5j;o-|g2 coy 

»c:f+#$tt5 J: 9{c. MIS=3r-^ y rj*AB#t(^Mttcoa 
[00 191 ±tELfc!|t«a) {rj:^xif, y-^^^^^, 

2 coy- h«^jc8lJD$4xfcy- 

i^J^*)mnbmzm2(oy~hii&mm<om2m^x^\^if 
■^'btixmm^ix^o &.x^ixfz^Y>jT<D—mtm2 
<r> f— V ■mmM'^mtsii^ . ^' ^ y r (75 ^ 2 h 
SS'^co h:^4./H±, %2(Of~vwmk%2(r)^~-v 
lfi«S«i[co^ 3 S t COM wSttttSJc J: o r Piit 5 
Lfc;»Sor. ^2roy- M6^fli,7)^2g^'($?RJ;»)# 

LT(±»<T-^5<75-C. =^-*' y rffiARSF{Ciolt.5m2co 
[0 0 2 0] ±ffiLfc#m(2) m2(0¥-V 
mifiO^-^^'yi'fl^fig^iS-.^^ y T^rttAi-^,, cwi^ 

'r y TttAji, y-;^«Js^m 1 <D'f--Y^^'i'W}i^mmiz 
*iLxm^<-(r:^-r^^ i>^^Htmi<r>Y- h^m^. 

^•«OSgffi«EEi±<73«ffi^Sreti^bT.5^r^wi.Srm 1 co^ 
^' 'i-J^figffi^ 5 c i (c J; •? 31^ $ 4 L 

?>, ?^t>r-. m2<7)^-vt^vi.ff^)5g^<^t^2(;5y- hifi 
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[0 0 2 1 ] ±iSL/cit#m(3) {Z<tiXfS.^2cD-:^fM 

[0 0 2 2] J:EL^#ia(4) %2(0¥-V 
[0 0 2 3] 

[0 0 2 4] m& 1 0 r>ai/U 1 O 1 /tmf^ ^ 

n, !?^/H o 1 n + y— (s) i 

21ioJ:CFn+ KU>f>-M«c (D) 1 2 2;55BiMtT?F^ 

[0 0 2 5] mtd.y — :^m^l 2 l*3j;t>' KU-rv-SiW 
1 2 2Ht7)^^^>/ujf^^gii^(-{j:^ y — 2 lie 

K^L-cmic/^f^^^wuff^^^aci 1 ixi5?g;5fe^n. k 
\^^>mmi 2 2\zm^Lxm2(r>^^:^^/i'mf&m^i 

ji. mi(o¥- hi&mmi 3 1 ^itLrmKoy- hm. 

m (Gl ) 1 4 l;^sj^i5E^*xTl^^o striae 2 <JQ^^;^ 
/i-?f^i5g®i^l 1 20Sffil::{l. mifftSl^^tg^Wi-^^ 
209^'- hjfe^^l 3 2^^LT^2(^^- hffi^ (G 
2) 1 4 2;5Sm$nTlv^o StllE* 2 co 1 
4 2*3<tt7^:09^aKl 3 2f;i, S&EH 1 (50^- 
1 4 1 o Ku^>fl!|09— a5:fcJ:t/iffiOa$:a^ i ^{zjEfS 
Sn. ^liDj;0'^2 0^- hmi^l 4 1 . 14 2(1. 
9frl2||2<oy— hlfe^^l 3 2irj:oTl=@5:(Ciiife^$ix 

[0 0 2 7] /^^b\ miib'J:LKm2 0>!r— hS<^l 4 
1, 1 4 2^f@5:W*^i-^$fe^^|i^ ±IEL7tJ:9 

iClSTfdlco (^30) ^SIKSrJSiJi^JCjf^figLTtiSlv 
[0 0 2 81 WIEm??f-f*l^*SHgSr*i-5m2coy- hl6 

VG2B =VB +Vth2 + { I i'ZX e 
{ (VB ) 1/2 - {-2 4>?2 



®;!>>«by- hSlSl 4 2fRi]--«i{z. 
[O] S/tLJl^-y ri^'ggfk^ftfll [ON] ) 132a. 

[N] . @?ft::$^>5^/u^ [Tl^fclimi. 3ej:*9i, 
S^^^W-^OO^i.'^/jri^v^ y riVggftl^ftHI [ON] ) 1 3 
2 b, *Dj:afm2coy— h^figi 4 2 ico#ffi(-g.fSpf 
ig«r?f?figi-5^3g (v-y^vSsfbK [O] ^^ii'>y 

^^^^fkSftiis [ON] 13 2 c&m%m^xmmLtz 
[00 2 9] m2coy- hjfe^flgi 3 2(ommm2m 

(1. ^l@132ai: co#aD, S^3ai32ci 60#E 
{4€r?F^^L, m2<D^^^^Ji^m^mmi l 2;)-(b^2(0 

h*6g^JKi 3 2-^ffiA$ix^^-^ y T=kmm-r^o 
[0 0 3 0] i!fei^-c% ±!eLyh7<^y-ir/K!oiif^iss{z 
oi>rift0>g^5o ^nmmmxi^. V]ib\zy-^mmi 

tc. y rSrm2CO^r^/Ufl?^®S6i i 2;&-^ 

S2(7)y- hife^^i 3 2p^--. m^m<Dm.i\Lmm&m 
^xmx-t^o y—:^m^i 2if)^<b'f-'r^'^^i^mfizm^ 

[0 0 3 1 1 ^f+A : hMMl 4 1 izML 

X. y-:^mi^i 2 1 ^mm^zLxmico^- bcomm. 

SiEVthl cfc t>i^t^mffiSr#;t'5, *>^iMimicoy 

hmfiii 4 1 \zm^<D—mm&4:¥x.. y—^mmi 

2 1 oo^fi^, fltJte— ^®a;)^<bm 1 coy— hmfficOBS 

fesffivthi ^^i^^'tzmx^ i>i&\.^miiLtLx. mi(o 

^rStiS^ii:^ (PACfifeA. CHEttA) o 
[0 0 3 2 1 ^f4=B : ^®1S1 2 1 ^ 5^ /Uff^^^g 

^^yTSrttAi-^ (MCaA) o 

[0 0 3 3] mi6o^^^wufl?^ffi«ci 

f\^Lxm2<D^'Y^-^^mf&mi^i i 2c?4A$nfc^-\- 

yr^, S^^-V-^>^^?F^^SS«l 1 2 i:m2 60>5r'- 
I*ail3 2 (^lgl3 2a) irOKoS^l^gVB ^ 
11^1X^2(7^^- hJfeJSIKl 3 2rt(w«£Ai--5/hi^)«r* 

[0 0 3 4] : KU-Y>®i«l 2 2 t ^ ^^wuff^ 

f^m^t<DmitLmVDB^ (VB -20F2) tXii^:-*-^, 
[0 0 3 5] ^i^D :m2(Dy-bm^l 4 2\ZlciL 

X. ^^^^^i^mmmm^mm^zTtzd) ^r-^xen^ 

@iifcVG2B SrfPfiDf 5o 

i2) • (2 qNb2 c si) 1/2 • 

+ VS ) 1/2 } +AVth (1) 
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ft L . 

ti2 :^2(p'f~i^^mmi3 2(Dmm 

S i coSim*) 

Nb2 : m2C0^^:^.,l^mi^mm 1 1 2 cO^*(61^»S 
0F2 : ff2(^f^*^/Ufl?^ffijti 1 2«07a:/U$aSffi 

vs : y-;^MJgiccoi;fi 

vth2 ■.m2<oY~hmmi4 2(n¥-bmimi£ 

A Vth: 7'nr7Af^C0%2«r)y— htlffil 4 2coy- 

^Cfc. m2<oy-h«§^l 3 2Sr3g1il|itJ:Lfcl^co 
Silfa t i2(±, ^1^13 2 a cO)K<?*jJ:C/^^5p^t i2 

-I, £12-1, » 2^1 3 2 bcomi^io^ummm^ ti2 
-2, ii2-2. mami 3 2 c(Dmmi6j:i/mmm=& t i2 

-3. f i2-3ii-5i:. t i2/f i2f±ti2-l/ £ i2-r+t 
i2-2/£ i2-2+ t i2-3/, i2-3i*mr'^5„ f£io. t 
i2{±£i2-l. £i2-2. E i2-3co\,^-rtlX'iy, 

t\-^t. S2co5^^^wu?ggg^^i 1 2rtco:i^-v- yric 

/pdi^-;)s^;te^x. ^ryr(imisi3 2a(zj:5« 
^ia^«:iixr^2ooy-K#6gi)jgl 3 2F^(cffiX>i4x 

m2coy- hm^ i 4 2 -~copn;jDmfiE (^<tD) (3b§l 

Til. J: -plz. S[(C'J^$t^ffl[Sr$gfflt-.5Ci:;4S 

10 0 3 71 CCT', 2|s:§|tSJgfl8-e|it^2^oy-^^^g 

1 3 2Ai3mmiMX'S,io , m2co^^^^,i-wmmi$i i 
2A-hm{imm^m^xm2(D^- hmmmi s 2^^ 

ASn^drrl/rtt. 4 2flliJ-^cottA (h 

vt^i-^^) mmmi 3 2wm3e i 3 2 

2Sl 3 2b^m< tXhiry>JT^+i^lzmmi-^Z 

[0 0 3 8] z<Dj:diz. ^ni&mmx(iY- mmm 

1 3 2Sr3«^tjt<!: LfcfiOT-^2gl 3 2b±m<-t^ 
Ztf)-X'^, m2c0'>---^#6|tlill 3 2^($: 

mm3i^ [ (ti2/fi2) ••• + VS ) 1/2 } ] <r>mii. 
mm^'— i^B^ ^ V -^MNO S ^^ij <nm^(r>^^%'j^t 

^£^0 i&M&^^mx'^-ttnivmi^n&miEitA-^simt 

SfliEtg2coy-hSffiji^VC2B <14. IV+A 
V thirsts, -5-L-C.m2coy-hi^^)ij|l 3 2(;ge 



(00 3 9J ^A'twt'Jtt-y i-JiU^' ^p>- (CH 

E) ttAco^^t,. y 7';it Ku^Vjgff^co-J^^twi- 
1 0 nm) <^Wcmi:if^cnsS.mX'^^,^i^^^^x.C:>ii 

.r. Kato, H. Yainanaka. S. Odanaka. H. Fujimoto. K. 
Akamatsu. T. Ogura, M. Kojima and H. Kotani. "Low 

Voltage. Low Current. High Speed Program Step Spl 
it Gate Cell with Ballistic Direct Injection tor E 
EPROM/Flash". 1998 [EDM. Technical Dige.st. 36.5. 

p.987 ) <nmmiz.s:ro^<<) ^ 
( 1 ) ^(of— hmffiyG2B ,t f; ^ <i,ic'j^$ i K 

WSL (.%2(nf-VnmmtL;tLt±.\t. 1~2V)T' 

r^^'i-mf&mmtcoft^mwmx'^yi, 

[0 040] /ifc, SfJie;^ y y -V t>^U«jt7i'#:ft l 

^ti3.t»?tg2eoV-h«ffi75.f,co«|/]S#tt. -eu^^ 
^coy- h®^vG2B J; y) i,$ibiz^h^\,^¥- hMiiLX 

(0 0 4 1 ] J,:i±CC»#^#(C.J:t9. iJT(tm2<o^ 

■V twufl5;S:mi^ 1 1 2(r>—n'}^/,^i^^2(OY—hmmm 

1 3 2F^(::ffiA$n,. y rf±2p®;5.e,^-c4|i^^,- 
[00 4 2] *i,>T'. ±.tS.Ltc?'^>)±/i.iz}6ifi=irr 

*:^tt?i^«|-CI4. l52coy- h<6Mt)Kl 3 2 t LTiffl 

L 3 gffiit^Sr^ffl L /icOT-, \:XT(n 2 ii «r)?i^ / 

[0 0 4 31 (a) mi(Om^^iJ=^XJ. 
^2coy- h®^l 4 2'^=¥+ >; r«(^i|^te14cr5tS<si: 
^rfit^^L. «2(Oy- h*g?t^l 3 2cO%2S 1 3 2b 
f3ttA • mm^iXX\>^^^-Y U rSr. S iJi 1 3 2 a 4- 
>i L r ^ 1r 'I'lBfUm^^ h > =^ 'i"< -y •i' A -fro ( c co 

i i^&^ti:i&mm'p<r)wmmmi s m v/ c 

«) , Ccor^*> ;!7 = XA*rtigffli--57ti6iC(i, m3m 

1 3 2 c.J;») <,^1^ 1 3 2 aCO=^-y y T h > t-'l'fiS-^ 

[0 0 4 41 *«i:6<)(C(±. §-mfiliff$§IS 1 3 2 a , 1 3 

2 ccOlPr«;4tIS]IIT'*>5/i^lf. ^1® 1 3 2 -acnt^^ 
«r^3^ 1 3 2 c.l:»9 hm<i-^., IW-^^m-tr-^fi 
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<0 i&< ti:^U1^(Dm.^'^t>^%:mmir?>, 
10 0 4 5] (b) «2C0r^±;^ * = XA 

^mmt. %2(nf~ v^mmx 32«o^2gi32b 
i-iSA -jiffi^nTi-^s^^r y T^msmi 3 2 c *r h 

-f-5fc«)(Cfl, i^lSl 3 2 a J:«3*,^3Jil 3 2 c «0 

1 0 0 4 6 1 **^6<j{;:i4. ■^mitLmmmnuwA'^m c x- 

*)5'ie>tf, SSe 1 3 2 c<OJf 1 3 2 a J; 

!9 (>»<-r^i, ^(^-±:i-^<ee,{f, fE2g 1 3 2 
b;)^e)l./t:^-e-<7). ^-^ y T»C*r-t--5m 3. 2gPBl(0/< 

y rssrn 1 ; 2sraOT''< y Tiajj; •? {&< -r^i^ncom. 

10 0 4 7] ±fELfc^l O^'*^ * = XA^ 

&i:m2(DY- hmmi 4 2'^«i&i-«^j.5;4s*>5o -r 

[0 0 4 8] CixClitLT. *:^l£0fiiT-|4. #(C|g2 
W?S*p<*=XASr«&ffl-t-.5wi:(3j;t9 , IB]— ®tt-eu 
-</K?3S?t'5^^2:Srm2CO'/- hmi^i 4 2'^m^-r5 

[0 0 4 9] i-/£ip*>, *:|llfeJg!!e-CI±IS2roy- hite 

3 2i:3mmmt l> ^2(7>y— hmmi 42 1 
(o^mizhmM.^^ t LX(om 3 m 1 32c ^rffigu 

fcro-e, mitSSfia*g«r*i-?.IK2S 1 3 2b «r»)8Sfb 
-C'#. -ErWi^*. lg3Sl 3 2 cw h>'^/uS8ff::J:5 

z>5e>, ^^y rsry- hfi!i-.§i#fe<cofc«6coaffi^» 

[0 0 5 0] rc-c% f-'r^-'^'m^mm^(bm2(oy^ 
wm^ixi^mm (:^mmi^m(om i @ i 3 2 a icts 

-C. ^2<7?y- hS® 1 4 2--«o^ADl|ffi::J; "J^^-r 

3 2^<r>hl^^-'\-&Xi)m^'.Z%±L. 
±, m2Wy-hi6^l«l 3 2;5^<b=Sr^yT^?l#fe< 



[O 0 5 1 ] Zi\{Zi^LX\ :^nmMmx'\t=f- ^^>cm 

/Tg^iS 1 1 2f)-^W,2co¥— hi&im^X 3 2'^cr)^v y 
9 COT?. m2coy-HiegklKl 3 2c0 9t>. IRlJil3 

2 a (^-^^wuffM^J^fail) V y r h vt^-'ust^*: 

2 CO h 1 4 2 5r JSafit.i: L "C 5" 'I'ff^fig 
^mt)^hm2ff^^— hifgigkiei 3 2--CO h>-J^/uj4A» 

T^^S^ 1 3 2 c ;6^b h ^^^'t-Sfiftc J; •? :*ca:(z5l # 

10 0 5 2] tils, ±iaLfc^2Wj«^^ 5!7 = XA^fiJ 
ffl^5cOT-#>ixl±\ 3 2 a t L-C(i->y ='>mL 

fkfll (o) , •> y => vssft^ft:)^ (on) 

< . SMJ?:i±3 nmtii:;J5M* Ll^ »2gl32bi:l, 
Tli. i^'J^^-^OM (N) . mit$'>9n.m (T) ;45 

g*L< . fas;jErn<r7Acc)fc>^tctt->y =">^fksi 

[00 5 31 mimi 3 2 b (^-^ y = ^■^itm\-tm i 

®. »3gi::fflv^6n^.->'y =>^ft:^ft:agJ;tj'9i^^ 

5' /i^mcoai^Ji 5 0 nmWTASS* Lis ^ 3 y 
^^-SSftm (O) S:fcll->y ^v^lt^fkfflS (ON) A- 

[00 54] ■r/j;*^*,. ^2cof~ hmm.mi 3 20011. 

l/'^2/m3S<7>ffl^^*>-lirli. O/N/O, ON/ 

N/'O, ON/N/ON, O/N/ON, O/T/O. 
ON/T/O. ON/T/ON.. 0/T/0N;5WtB-e 

[0055] ^lSl3 2a&-3~4 n.m<D'y^) = Vg? 
ft:K* fcJi ■> y 3 ^ymt^itm. m3g^2-4nmCD 

10 0 5 6] 4^*3. mi^t Lr->y =>-^{t:flI. 

^(omm-\tmtX'i.\\ ->y ^^-^mtrntm^ 
ijf>im2mf)^e:>^it^(r>^^'j7mmAH&<. mcmm 

■cfcoT t^3)i(o:^;j5^-r y r h v^-'i'St^;^?:*:^ < 
AiX'^?,o 

[0 0 5 7 J i:C>5T-, KU'T^^J^l 2 2(ZflflfE^# 
ceo (VB -2*F2) Ki±co®fit^PJ&Lyti^. Ku- 
'TV'm^l 2 2d»ibm2fiO^-v^>/ufl?fie®tSl 1 2 COS 
ffi»C^-^g*S|£;4S "9 , ZHAi^l co^ V-tv/i'fl^Bfe«ii« 1 . 
1 HCST':^L-CLS 9lr. m2C0'^r^^'^mi^immi 
1 2(ZioV>T^-vyTIZ#x:<=>n2>mffiM-r'*i*5^)i^- 
'i^^Aii&TL. fS2<oy-hi6mmi 3 2-^(0^^'JT 
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[0 0 5 8J ZCOXofs:^^ ')T&Xi0}m(r>{&Ti&}± 
•t^tziblzits S2<59^Yt-^L-ff^^ffi«K 1 .1 2(r>^i^^ 

1 1 2co||^af^^.*^^gS:Leff tLtit^. <k^ 
(2) -C^:t(bi^^m^m^L\^\ 
' Nb2> c si (VB - 2 <f»F2) /q Leff 2 (2) 
iiaLfc^ ( 2) {ZXiXit. Hja^.^^wUgLeff ;^ » 6 
OnmCOt ^tZ*lNb2H4 E 1 7cra-3J^_b;0»'£^ST'*?'5o 
/ijb\ ^ (2) />-eP^<b;!i-?iJ:->{3, ^2co^.\^twufl? 
pfe^iSl 1 2 0Q^?a^-\-^>/USLeff 

10 0 5 91 ±l5Lrc* (2) (i. ^2 co^-V' t^/uffM 
M^ci 1 2co;=F$i64^SS;65-^^T-^'^> . /i^oKu-rvM 

Ku^ 2 2^MjciS«fti:i-'5</:>T'^n 

[0 0 6 0] m 2 co^ 'Y ^-^^m^m^ I 1 2co^ 

(0 0 6 11 r^CV^T', iitSLfc«^(J0:F»^t4^^Uir 
[0 0 6 21 #^^';iryi-c/:)y — (S) 1 2 1 

Ku-rvM^ (D) 1 2 2ii. tr^-rfiitdwe^-r-s^ 

^l/-tryH^±r-4tiiig^^ix5^*tc, -e60|il-^)J[^± 
/)mmmLC «9t@S^|g$ixTi^-5o mi 60 K 
®^ (Gl ) 1 4 1*1. Iff)— ?IJ|IJ±;5517— K^LW tC.t 
•^teSK^^nXl^-So ll2coy-hm^ (G2 ) 14 
2H, lRl-?iJI3±;5S$iJ»j^LC CJ: ^tes-^^snxi^ 

10 0 6 31 S4Ji, m2C0^W^^7^'eVTV'-((ntS 

(S) 12 1(1, l^-tTf^±/^^t:''y h^LB 

U-r^^ggiSE (D) 12 2(^±li. tSSIcm^S^nai:* 

K^'^r'-hm® (Gl ) 1 4 Ul. fs]-^Jjf^±;5>'7- K 

(G2 ) 14 2(1, m-rfm±/tmm^Lc '^zx^)f^s. 



[0 0 6 41 ms^t. m^mi:h.i:ijm2(r^t^-^:^m:z 

[0 0 6 51 SIJ^Lfcj^^y-t/u^r^'n /^A (#^iA 
-TolS. ^co'7~KISLff iZ!l, ^icoy— hmiS 

1 4 1 coy— hr»lftfl:/Evthi j:o ^>ii5i^Sf5vwpRi-^ 
^ftDLrSl co^Y twUffMMi^ 1 1 1. iw^-^^wu^ff^ 
iSIR^ixrv^^^iiiS (m2coy- hm^Sl 4 
2) LC (Z(l. StjfS^f4=C(wfieor (VB -2 0F2) .j: 

5o ilS^^iX-Cl^^MW^ ( Kl->r> 1 2 2) LS (Z- 

(i, stifEii^ftDtzi^or. flfrte (i) stcovo^B c^r^ 
(1. VB -2 ii>cs) iym^^^ma^muL. 4mtR<r> 
mm^Ls (c(i, h>^^/i^mmzx^yo^^M.r^±\: 

[0 0 6 61 t'-y h;^LB i.Zlt. ICgt 

#&$n^m<ivwpRi;;>^ibfttiiay— hKft^ffivthi »^ 

4U^fcft (VWPrl-Vthl ) X^ iym^^-m'^m.iiLVBPv 

(VWPrl-Vthl ) X^ hm^'MiiLVSPrl^tiiltm^m. 
fiVBPrO^, m^r'—^cnfymzJZ^CXmn-t^r. Zcn 

fzx ■')i,znjmMm'rix\t. $^{mzy M.ir^ 
[0 0 6 71 ^^±(r>yclV'7M.mmzx^). -y—y^mi^ 

1 2 1 ;)»<b-^^^wuffJ^®J^(ci!£A$;lx^=¥Y U T/i5, 
m2(0=f-^r^^^i^mf&m^l l 2 i:m2coy- hlfi^BIl 

3 2 (migi3 2a) t(nm(Dmmtmi:m^^x.x 

^2a 1 3 2 b--fiA$ix, fc^:/ hilSLB --co^n^jDSfi 

[0 0 6 81 iMtRtTtp^^'J-tr/ucoffitgx — 

ig^[±ii"l^(l, ^co^^y ir/U(7)fc:''y h^LB (::3$>'<^ 
T:^S{4VBRD Sr^iJDL, fflWIftLS CH, ^2coy— 

hsffil 4 2coy^ hBSfi:®ffivth2 xn {ymi^mitLv 

CRD SrWtot, ^-K^^LWtzd. ®lcoy-^^^^l 

4 1 corn ^^i:.;^4Xfcy— hgifttSiEEVthl (^O^b, 

X, CC0#:(iT't'y h^LB (cSEnSSiS i WRD 
:^T>-7'{zXn^^-r^Z tX^'e^) ir/uco^v/^^ 

mm& m&mit) xt^.^r'-^^Rm^^x-'^^zLx 

[0 0 6 91 /^'j±^i'(omf^:^iti6Xuyciy 

[0 0 7 01 me^t. mi'&nmcnmf^^m^^^Ltzm 
x^^. s-^m^i^^^^^j-t^^c^'y—^-^mm (s) 12 
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$n-ct^^o h;^-(>mi&AD) i 2 2(i, i^-tfpi± 

-y hi»LB'»;J:'9t82«iiglE*n-CI-^So 1^1<o¥- 
h^S (Gl ) 14 Hi. l^-?IJ|Rl±^5r7- K^LW iZ 

[0 0 7 1 1 igi7»±. m2^wm(r)mm:fjm%:niLtim 

'x-h'O. #^»^t4p' ^y -fe-yKoy— ;^^^1 2 iti. 

IZ. ^•W|13-?iII^±;5S#iii^LC lzJ;»Jies:Sligg$4x-C 
l^So KUi'vffittcl 2 2(i. |^-?fl^±;55f -y hi^L 
B JCJ; ►Jliam^^ix, mi W-Ir- h®Ml 4 1 H, IB) 
-?iJIS)±;55r7-Ki»Lff (CJ;t9taSS^$4x. ^2 00^ 
-hSSl4 2l±. l^—tf|p)±;is»JfW«»LS ft S 

[0 0 7 2] I218C±. *:^ej^itfflLfc^S^tt/^y 
( 0 0 7 3 ] *^tgff^fl8-ei±. m 1 (T?'^'— 4 1 

hifest^i 3 iiii2(73y— hs^i 4 
9:S:-g•;isflftEi^llliSJ^®t^iiS»-e*)?). ^i«oy-h 

Sffil 4 l*Jj;U?^wy— hlfe^^l 3 1 ;4Sm20'5''- 
1 4 2oy— ;^fpi|<o^ffi*iJ;t/4ffiSSra^ J; -jic 

[0 0 74] 119 14, *^?^^igfflLfc^^%t4p<^y 

■fe:/Kom3iiss?^fli(?5|gfffiia-e*5'9, stria ti^—<7???^ 

^l*3J:V^2<oy-h«ffil 4 1, 14 2;J5«2wy 
- hiffe^^l 3 2^fe^/u-eafe^JiSB$n. St^m2eoy 
-h^lli^l 3 2{::j;oTtS2tr|6ii:$ixTi-^.5„ 
[d0 7 5j 7te*J. ±ISLfclll ^C^^Lm3Sl&ff^fiST' 
li, lgi*5J:t/«2<oy— hffiffil 4 1 , 142-Sr^l 

S7ttt^2<7?y- Mg^aii 3 1.13 2X'^mzt&m. 

gkLT-bfiVvL, fcSl^liHl Sfcttm2coy- I^Jfe^ 

Bs 1 3 2 . 1 3 2 tnkcommmt ^mm l -c#fi{;*6i^ 

[0 0 7 6] *fc, ill OtzR^LTTtLfcJ; M 
1 <r)¥— V 1 4 1 i: m 2<o¥~- vmM l 4 2 i (om 

1 co-y- hmi^ 1 4 1 coiEiri^sbgfLfli \ Alburn 
J^Lfc*?. hmiSl 4 1 w4Sffi5r^ft:L-CS?(tagl 
4 1a 5rffML7t*) . *> -5 1 Miglfk^ 1 4 1a coR^^t? 

hsjsi 4 1 (r>mm\ziimmi t u-cwi^'r. k 
;i--^n3:. titx.\immiQ(r>^^mzmmim^-m\z 



[0 0 7 71 m U±. *:MB^2riSfflLfc^»^<4>^ 
';-t/K/)»4lllitff^fico»fSia. I112!4. ^rco^M® 

^HB^^SrSLTi^-So *3|lfSJ^<i-C}±v 1 OCT) y -e i| -ir 
/HC2 t'-y h:»-W7='— 'J'SrlSSCWtcSj^-ctS J; OtcL 

' (00 781 »«1 0C0SffiiC|±r>3iyn o 1 ;i^ff^Mt<!F 
4x. -tW«EJZf4— *t-cOn+ V— Ku-Y (S 
bl) 22 1. (SD2 ) 2 2 2*51|Hu-Cfl?^$4^T 
t^So =S-y — ^/ KU-f >Sac2 2 1 . 2 2 2BB<^'?'-V 
t'/l'fl^^P«J3(±. y^\(0^^^->\'Wmm^2 1 1/j:6 

t/l::^2 w— *^fMfcJ:(J«te:^<Bi|f--y^/u}Kfigffl4jc2 i 2 
L. 2 1 2 R;JSf=--^twu:^r6UC«orfl^^$tb-Cl^-5„ 
m2co#f^r^'''Ufl^eg^^2 1 2 L. 2 12 Rli, -e4x 

•eix* y — K u-r vwse 221. 222 ;c^«5iEe. 

m «0^^r^wi^Ji^/S;^J^2 1 H^%2(D^f-^^ 

2 1 2 L . 2 1 2 RKtciee^nrt 

[0 0 7 91 ^1 <7?^-r^wU0fig®^2 1 ico^ffilc 
14. Igl</)y- hJfeM^lgl 3 1 ^r:^^LT«l<Dy- 
<sg (Gl ) 2 4 1 ;4iJl^fiS;$i^T^-^•5o 1^ 2fiO— ::^fBJf^-^ 
^-^^mi^mi^2 1 2 LCO^ffilCli. «i^»j^^figSrW-*- 
5S2(7?-:^fiy'^'- hjfe^^l 3 2L^^Lxm2<o- 
:^f|ijy- (G2 ) 2 4 2 L;)5^b£$4xTI/^-5o IS 
2C0-:^fpijy— hm.M2 4 2 L JoJ;05^(/>*fe|t^ 1 3 2 
L(i. SniEISliOy— h®lS2 4 icoy — ;^/K^'r>' 
«l«2 2 ifWIw— SaSioiOfSSffi^ra^ J: ^Jc}fSa;$4x. 
^i<oy-hmi®i 3 i*jJ:t;fm2.</?-:^fMy— httfii 
1 3 2 L 14. tti^m 2 (D—ifmy— h mmm i a 2 l c 
x^xnsnz^m^ti^^ 

[0 0 8 01 mm\Z. m2«0f|fe:^{K|5^r^wl>fl?^®«E2 
1 2R<^«ffi(i»4. ll?t<S:l^lSSESr*-r5m2(75flii:^fil 

y~ hi&mmi 3 2 R^-f]-Lxm2<Dm:f7m'f— hmm 

. (G3 ) 2 4 2 RA'^Wm^itX^^^o MfSm2<pffe:^fB!) 
y— hSfii2 4 2 Rfcitr-ecOtfegklBSl 3 2 R(4. ftfTlE 

^1 coy— hmiS2 4 1 coy— X/ KU'r:y^i^2 2 2 
{|iJ<73-ei5JoJ;0^4SffiSr59.J; 9l::3^^$n. ^1 coy- 
^«1S2 4 l *3,tI>-m2<^flli:^fMy— h 51^2 4 2 R 
Jl. fl«rfEm2Wte:^{8!iy— h«6lftKl 3 2R»Cj;oTtB 

(0 0 8 1 1 ^mmmmxti, i&miEmm^m^-i-^tz 

SfItS»2C0«-y— h^fe^^l 3 2 L. 1 3 2 R/-55 

{-. SlS^ffi/i-ey- h^Mf»J'-«S(3. ^^t^'^ffM® 
iStco^fficm^iPlEli^ff^fiici-smiS (vU^v^fb 

K [O] ^tzl±->'J =i>mit3litm [ON] ) 13 2 
a . =^r+ y Tflt®«i<i«rW^5m2e (•> 'J =>^fklBS 
[N] , mit^yi'^i^m [T] *fci4mi, 3eJ;<9t, 

mm^m(om^'>'j ='>&tit^itm [on] ) 132 
b. i6jivm2(DY-h^mi 4 2 t(o^mi,zm.ii.mm 

SrJKfifci--5®3@ (-^ya^SfftlS [O] *fc»4->'j3 



2001-102466 



ly^trntm [ON] ) 13 2c ^^mmfifx-mmtrz 

^t^h\t. fltlfa®2<0^y- h$fe»/Jil 3 2 L, 132 

[0 0 8 21 ±ISL^c«/i)t{ZibH^r. m2(n-ijm¥- 

' 2 1 2R--^-V' UTSr^AL, ^h\Z'm\(0^ y^^f\<B 
f^m^2 1 1 4-:frLTm2cO-:^f|iJ^^;f>yUff$/7fe^Jgc2 
1 2R--i^Ai-5o -::^ffly^-\' t^^L.ff^^SBi^2 i 2R* 

Vmm: \ 3 2 L--aA^-5o 
[0 0 8 3] m2(Di\ii:^mf— hffi^l^l 3 2 R---^-^ 

vr&mA^^^.i,mm\z. y-^y vi-^ >mm2 2 
1 /)^hm2(o-:Hm'f-^.t-^i^mf&m^2 i2l^^yv 
r^t^xL. $h\zmi(o^'Y^-^i^mfi^mi^2 I 1 
Lxm2(oi\iLijm^^:^^/i^mf$.mi^2 1 2 L-.i^A-r 

f&^fl'J^r t^/t-ffM^i^2 1 2 L^T^?iAi^n/^^ 

^vr\t. miiLmmm:t\,zx^x«k:^m'f—hi&mmi 
3 2 R-^^A-r^o 

[0 0 8 4] :^mmmmizxix\-x. m2(o^Y- hm^ 

flSl32L. 132 Rco^ix^^i-UzmiBr"—^ ^^^^ 
^zmtM-t^ Z tfi^^Xt ^<DX\ 1 ir/ut3 2 if'-y hcor'— 

[0 0 8 5] *llt6fl^ffiT't«2CO«-^- hjfeg^ 

^13 2L. 1 3 2RS:3S«igi:L. -^^twi-?^^^ 
m-hf- b^mm^co^^ «; T?*A^ffi{iWiiM;tJ:: 

[0 0 8 6] $ib«w. ^2 60#y-h*6^^1 3 2L. 

13 2R(n^im^xum3m(o^^ V T \^>^>/\^mm 
^±.t^t^mzmmLx^r y r^y- hmmm/)^h^\ 

[0 0 8 71 n 1 3 It. ^mM^mmLfz^m^\±?^ ^ 
')'\r^i^(Dm5mmjfm<Dmmmxh^ . mztm-con- 

[0 0 8 8] :^mmmmt±.mLfzm4mmmmt\t'f 

(joJ:t>''5r'- h^fe^Jil 3 lt^\.^L\ti&<nl&mmi 3 1 
c) cnwimK ^n^*im,2(0-:^m:hXXfi6L:Hm(nY 
-hm<^2 4 2 L, 2 4 2R€OmU:lrSXXJ'mS&lio X 

[0 0 8 9] *:*S£ff^®T^t. -htfi L fc^ 2 ^Jfiff^^ i: 

If. micoy-hm^2 4 l;^^y-;^/KU^>'Sii«2 

2 1. 2 2 2 ^mmLxs.m't^(D{ztti'm^mm&^m 



[0 0 9 0] HI 413:, ^t^mm^mmLft^m^^/^ 

^\m-^tcimm^:^'^±mix\.-^, 

[0 0 9 1 ] :^mWjfmX'it. m l cn^ Y tw^iF^/SnBiiS 
2 I lcoSm(zmicoy-h*ft»B«l 3 i*/rLrmi 

0O>^r- h€f^2 4 1 f)^^W}fit^JiXX^'^, ^2(0^^— h 
J6^*flIl3 2L. 13 2RI1, S2(/^g:f^-v t^vuJFMni 
«2 12L, 2 1 2 R<!rm2co-S.y'— hm^2 4 2 L. 
2 4 2 Rt(nm{ZBf&$tl. ^613^1 coy— h^fiB2 
4 1 t^2C0&y— h«teg2 4 2 L. 2 4 2 Ri:comi® 

[0 0 9 2] m2<D-'ijmidxxj^m:fjm'f- \^mm24 

2L. 2 4 2Rli, SfrfE^2coS.^-\-^wufl?;5S:^iS2 1 

2L. 2 1 2 RcO^Sl3StTfdm2coy- hi^ltflf 1 3 2 

^ L-C^^iSi^nTl^^. micoy'- Kaffi2 4 160±gr> 

[0 0 9 3] /j:*3, JiiSL5^m6iltf£?i?fiiT'f;t. ^2co 
y'— hjfe^fl^l 3 2^||lcoy— hm^^2 4 ICO^SIC 
ff^/^Lfdco^. mi(r)¥— bmM2 4 i(n±m^mtn^ 

lliai Sd^rrLfc.]; Olc. hSffi2 4 1 co Ji^ffiSBT 
filfiltm 1 3 2 ;^^»< 7i »9 . ^^I^^^^T'0Oj4^^^;^,sf6 
TLTL^Oo ZcOX-yta^iZit. mi 5{Zn^^LtcX. 
OC, y-hmfis2 4 looM8SSrg?fi::Lre?ft:)l§2 4 1 
a^ffMLytO, h^\.^Umitm2 4 1u<Oi^t>^{zY 

— bmm2 4 1 comm\zmM:Uut t-cco-t^^ K^^^f— 

[0 0 9 4] z(oj:o{z, ^y— bmm^'f — bi&mm 
(o^f^h-rmcommmt^izmm-tix^^. s-y- hs^ 

m^^^-^mizfj:^, 

[0 0 9 5] Ell 6i±. ^^m^mmLit^mmi^T^'e . 

^lifiJ-'^fciiPi^gfi^^S L r t 

10 0 9 6] *IIS£ff^Sg-Cli. m2cO-&'5r'w- j.|g^/|^i 

3 2L. 1 3 2R^t^ts.tmm\z3mmmt'r^-yf 

X\ m 2 (O^'— 1-^,^2 4 2 2 4 2 R(n^mzWm 

itimmm4o I t^2(nY—bmm2 4 2 L. 242 

RcOfiyffi{-ffJfigL7t-t^^ K'>^-/U4 0 2 iX^^ liu.t 

ijm2(o^'-hmm&mK{zmmL. m2(n^—hm^ 

mi 3 2co-^p[5^^-.y^>>/Lr«i</^y- hmM^mi 

[0 0 9 7] a:i>T\ }i^Ltimfti<r>:^m^i±^'e^)± 
««i±>^y r u^6oig^::^fe(^--(^l^rirL, Eli s 
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. [0 0 9 81 ill 7f;ioir^-C; #^»«tt^^y ir/uco 
S-V — ;^/KU>r>ffitt (S Dl , SD2 ) 2 2 1, 2 
2 2 fi. tT:^r&](::|^tt 1"^ V ir/uf^d:T^ii^g^$ 

^^StlT^.^'So .lll<7)y— hSIS (Gl ) 2 4 1{i, 
[0 0 9 91 mi 8^C:fol^T. «"^W^<4p<^ V ir/K;> 

—:f7<Dy—^yh'i^'^>m^iSDi) 22 m. 
^ y—^/ K 1/ -r ^Mi^ ( s D2 ) 222 tT:^ii&itw 

l^-?iJI^±;{>5#tiii»LC tcJ: i9l=@Sig^$ixru^6o ^ 
1(^>5^— hSll (Gl ) 2 4 1 IrI— ?iJI^±;5Sr7— p 

mm (G2 ) 2 4 2 Lti. fR]-^iJfI]±;a5^1»Jf9ISLSa 

iwj;!9tess«s^n, li2<7)fiii::^fiij<oy— (g2 

) 2 4 2R{1. lnl-yiJI^I±;55^2SiJ»i»LSbtZj:»9t@ 
[0 10 01 

(1) »2cO'^'- hj^^^^3^«it<!: L. -\' /uff^i* 

(2) %\o^¥-vmm(owi%\z,m2(nf-'Vwm^i:xi 

<DX\ loco.^^y ir>'K:i2 h:'>y h(7:)7='— v^^^ffitt^it 

(3) ^2(Df— h^mm^CO^-t T(Di^A^Xrj't<D 



Illll *^P>qco^i||j£ff^flgx-fc^^}?«14>^i;-ir 
[021 llia:)^ff[H]SSr^tfc(gT'*)5. 

[0 3 1 ^n^^^^')T\^^<o^\(onmm(om^ 
[1141 ^m^^?^'eDTi^^<Dm2<ommmmcomi^ 

[051 /^y r (3orn^v2N:^ffi^r^Lfcff-^iK 

[0 6 1 ^««i4>^y r u-Ycomaoo^iffiff^flicosi^ 

:frjfeS:^Lfc0T-*5'5o 

[071 ^mm\i/'evTi^^<r>m4(Dmmwmco^m 

ijit^^Lfzmxh^o 

[0 8 1 *M?^0||2^JSff^|fiTfc-5^1f^tt;^:=e y-t 

^^(ommmxh^o 

[0 9 1 3 mmmmxh^^mm^:^ ^ y 

[010] :^mm<Dm3mmmmco^mm(Dmmmx^ 
(0111 *^p.«<5o^4llJS?&fliT-*>5^«^f4y^y 

[0121 0 1 icommm^&^Lfzmxh^o 
[013] *^pj<?)»5lliS?^ffl-e*?-5^S^t47«^y 

[014] *^p^(7:)m6lli£ff^flgr-*?'5^»^<4^^y 
ir/ucr)|$fS0T'^5o 

[015] :^^m<omem^mm<o^mmcommmxh 

. [0161 *^P>qcom7lllf£ff^giT*^5:^«^tt7«^y 
'iryuco»fffi0T*3 5o 
[017] p«^y TU-^reO^^gSs^ffioo— MSr^Lfc0T 

-So 

10 1 0 1 1 2 1 • ■ y— 1 

2 2 - Ku-Y ^-ffilffi, 1 I l •••^lcOf"-v^^''^0A)(:« 

mi 1 12-^2 (O'^^^/i-m^mm, lai-^iw 

-^'-hjg^^. 1 3 2-IBf2(ioy- hJ6«itlg^, 14 1- 

mi<oY-i^m^. 1 4 2 -m2<o¥~\-m^, 132 
a"-^2coy-h*6aiflgromig. 1 3 2 b.-m2<73y 

— h*6^)K<OM2e. 1 3 2 c-^2coy- hlfeMkMW 
m3€ 
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